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Air-cathode single-chamber microbial fuel cells (SCMFC) using the heat pretreated seed inoculation showed shorter 
period of biofilm formation with the maximum current output after 25 days inoculation when compared to the non-
heat pretreated seed inoculation (45 days). The results showed the high performance of the heat pretreated seed 
inoculation in term of a peak of voltage and current generation, except the high COD and reducing sugar removal. 
Better voltammogram in oxidation and reduction peaks of the heat pretreated seed anode biofilm was observed. The 
current densities increased with the increases of wastewater concentrations and obtained maximum of 7.37 mA m-2 of 
3,000 mg COD L-1 for the heat pretreated seed inoculation. In addition, the current outputs and wastewater 
concentrations displayed a linear correlation in the concentration range of 500 to 3,000 mg COD L-1 (r2=0.96). 
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1. Introduction 
Recently, world energy consumption has increased which the main energy source is mostly dependent 
on fossil fuels, lead to limited fossil energy sources and unsustainable [1]. Therefore, the search of 
alternative fuels are becoming more and more attractive to reduce dependence on fossil fuels and 
decreasing storage of fossil fuels [1]. Microbial fuel cells (MFCs), is an ideal and promising technology in 
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recent years which biodegrade renewable materials to electricity directly by using microorganism as a 
biocatalyst [2]. Microorganisms in anode chamber oxidize energy stored in organic matters to produce 
protons and electrons through anaerobic condition. The electrons are transferred to anode surface and then 
from external circuit to cathode. The protons diffuse via the membrane into the cathode chamber, where 
they combine with an electron acceptor and produce water [1].  
The air-cathode, single-chamber MFC has been developed due to high power output versus a two-
chamber, low operating costs, and a simple structure [3, 4]. Therefore, this study focused on the startup 
experiment by using the non-heat pretreated seed compare to the heat pretreated seed as inoculums to 
enrichment of biofilm and produced bioelectricity along with wastewater treatment in air-cathode 
SCMFC. In addition, the work was evaluated the relationship between wastewater concentrations and the 
current output. 
2. Methodology 
2.1. Microbial fuel cells 
Air-cathode SCMFCs were made of acrylic cylindrical chamber (4 cm long, 3 cm diameter and 28 mL 
working volume) [5]. The anode (without wet proofing; E-Tek) and the cathode (30% wet proofed; E-
Tek) were made of carbon cloth (surface area = 7 cm2) and titanium wire was connected the electrodes. 
The cathode was coated with the gas diffusion layer on the air contact side and the catalyst layer on the 
wastewater contact side. The catalyst layer loading is 0.4 mg cm-2 [5]. 
2.2. Microbial seeds 
Anaerobic mixed cultures were obtained from a full-scale up-flow anaerobic sludge blanket (UASB) 
starch-processing wastewater treatment plant (Eiamburapa Co., Ltd, Sakaw, Thailand). Granular seeds 
with diameter >0.5 mm were washed with tap water and cultured in a 10-L continuous stirred-tank 
reactor(CSTR) at 37°C fed with a synthetic wastewater containing 5 (g L-1) cassava starch until the stable 
biogas production was achieved. The seed was heat pretreated at 100°C for 60 min to inhibit the methane 
producing bacteria prior to use [6]. The original seed (non-heat pretreated) was used as the control 
experiments.  
2.3. Wastewater 
Synthetic wastewater containing glucose was used as a carbon source and NH4Cl was used as a 
nitrogen source (8.5 g per g COD) in this experiment. Trace minerals contents of (per litter): 
FeSO4.6H2O, 10.00 mg; MnSO4, 0.526 mg; ZnSO4.7H2O, 0.106 mg; H3BO4, 0.106 mg; CuSO4.5H2O, 4.5 
gP [6]. The synthetic wastewater was buffered at pH 7.0 with 50 mM phosphate buffer solution (per 
litter): KCl, 0.13 g; NaH2PO4.2H2O, 5.619 g; Na2HPO4.7H2O, 4.607 g and then autoclaved at 121°C for 
15 min. Nitrogen gas was flushed for 5 min before being fed into air-cathode SCMFCs.  
2.4. Operations 
The heat and the non-heat pretreated seeds (5% by volume) were inoculated in the separated air-
cathode SCMFCs under open circuit voltage (OCV) fed batch mode operation with 1,500 mg COD L-1 of 
synthetic wastewater. Wastewater was daily replaced when the voltage dropped (no seed was additionally 
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added) until the steady voltage output was successfully achieved of microbial attract on the anode surface. 
After that, the air-cathode SCMFCs were acclimated with low synthetic wastewater of 1,000 mg COD L-1 
under 1,000Ω Rext to acclimated biofilm cover on the anode surface until the stable of current output.     
The anode bioﬁlm was measured with cyclic voltammetry techniques. The impact of wastewater loading 
on the current output was investigated under varying wastewater concentrations in a step wise (125 to 
4,000 mg COD L-1) at 50Ω Rext. All experiments were performed in duplicate at 37°C. During the 
operation, liquid samples were collected at the end of each batch cycle to analyse pH, ORP, CODT, CODS, 




2.5. Analytical Techniques 
The characteristics of oxidation and reduction reactions on the anode surface at the start and the end of 
each part operation were measured by using the cyclic voltammetry (CV) technique (potentiostat, Autolab 
PGSTAT 204, Switzerland) connected to a personnel computer was used to characterize the oxidation-
reduction reactions on the anode surface at the start and end of each part operation by measuring the 
current response. CV was performed by applying a potential ramp at a scan rate of 20 mVs-1, the potential 
range from -500 to 1,000 mV. The anode as the working electrode, cathode as the counter electrode 
connects by a titanium wire and Ag/AgCl reference electrode. 
2.6. Calculations 
The open circuit voltage (OCV) and voltage (V) outputs were automatically recorded by a multimeter 
every 10 min. The current was calculated using the Ohms law; )/( RVI  ,the power density (P) was 
calculated from )/( AIVP  , according to the coulombic efficiency (CE) calculate based on current 
generation over time and the change in substrate concentration during a SCMFCs operation (CODS 
removal), so that for batch mode was calculated from  / 100%C CP TCE  u [7].  
3. Results and discussion 
3.1. Startup of air-cathode SCMFCs 
The air-cathode SCMFCs were inoculated with the heat pretreated seed showed a stable voltage after 
25 days acclimated with 1,000 mg COD L-1 under 1,000Ω Rext. Shorter bioﬁlm enrichment and the high 
current output (0.005 mA) of the heat pretreated seed were observed when compared to the non-heat 
pretreated seed (45 days acclimation) (0.0025 mA). However, this acclimation proved the microbial 
ability of degrading substrate in term of the COD and reducing sugar removal more than 90 and 99%, 
respectively in both seeds (data not show). The electrochemical activity of the non-heat pretreated seed 
biofilm on anode surface showed the redox peaks are quite low when compared to the heat pretreated 
seed biofilm showed the redox peaks with the highest current was 0.038 mA in the potential of 1,000 mV 
for the forward scan and -0.31 mA in the potential of 500 mV for the reverse scan (Figure. 1A). While a 
new anode surface with no biofilm, it is no the redox peaks (Figure. 1B). This indicated that the microbial 
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activities in the SCMFCs were different but the main mechanism of current production was directly 
transferred of electrons from microorganisms to the electrode in both seeds. 
 
 
Fig. 1. Cyclic voltammograms of anode surface biofilm (A) of the non-heat pretreated seed (red line) and the heat pretreated seed 
(black line) after inoculation and a new anode without seed (B) at a scan rate of 20 mV s-1. 
                                                                                                                               
 
Fig. 2. Relationship between COD values with current density (z) and COD removal (%) ({) of the non-heat pretreated seed 
inoculation (A) and the heat pretreated seed inoculation (B) at 37°C, 50Ω. The data and I-bars represent mean values and standard 
deviation of duplicate experiment. 
3.2. Effect of wastewater concentration on current output 
The air-cathode SCMFCs were operated with varies the wastewater concentrations to observe the 
effect of organic loading on current output. The results showed the effluent pH at the end of each 
concentration was varying between 6.60-6.90 and the ORP rapidly decreased in all concentrations (-10 to 
-226 mV). The current density values of the heat pretreated seed were higher than the non-heat pretreated 
seed in all tests (Figure. 2), demonstrating that the voltage and current generation were depended on the 
wastewater loading and the type of microbial seed. While, the COD removal of the heat pretreated seed 
was obtained up to 80% and higher than the non-heat pretreated seed. High reducing sugar reduction was 
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achieved more than 98% in all batches concentration, except at these highest current density in both 
seeds. In all the heat pretreated seed reactors, the methane was detected in the range of 2-5% at the high 
concentration up 2,000 mg L-1. While the methane in all the non-pretreated seed reactors was produced in 
the range of 5-30% at the concentrations range of 500 to 4,000 mg L-1.  
4. Conclusions 
This study presented the air cathode SCMFCs using the heat pretreated seed inoculation showed the 
shorter bioﬁlm enrichment established (25 days), the high current output and the better voltammogram of 
anode biofilm when compared to the non-heat pretreated seed inoculation (45 days). Heat pretreated seed 
showed better performances regarding a peak of voltage and current generation, except the high COD and 
reducing sugar removal from the wastewater concentrations varied from 125 to 4,000 mg L-1. In addition, 
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